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VWDNHVWHVWLWVHOIXVLQJGLIIHUHQFHVLQSHUIRUPDQFHEHWZHHQ WKHVHDXGLWFRPSRQHQWVDQG
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 0RUHRYHUWKHELDVLVRIWHQYHU\ODUJH
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DFFRPSDQLHGE\QRJDLQZKDWHYHURQ1$(3$QXPEHURIVWXGLHVKDYHHVWLPDWHGVPDOOHU
HIIHFWVRIFRDFKLQJIRUWKH6$7RIWHQLQWKHUDQJHRIVWDQGDUGGHYLDWLRQRQWKH
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PHWKRGRORJLFDOO\ZHDNHUZKLOHPRVWVWXGLHVRI.VFRUHLQIODWLRQUHO\RQFRPSDULVRQV
RILGHQWLFDORUUDQGRPO\HTXLYDOHQWJURXSVVWXGLHVRI6$7FRDFKLQJUHO\RQFRYDULDWH
DGMXVWPHQWRUSURSHQVLW\VFRUHPDWFKLQJLQDQDWWHPSWWRUHPRYHGLIIHUHQFHVEHWZHHQ
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E\XQGHUPLQLQJWKHWHVW¶VUHSUHVHQWDWLRQRIWKHGRPDLQ
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WUHQGVLQWKHVWXGHQWSRSXODWLRQDVDZKROHDJURZLQJERG\RIUHVHDUFKKDVGRFXPHQWHG
YDULDWLRQVLQERWKWHVWSUHSDUDWLRQDQGLQIODWLRQDFURVVW\SHVRIVWXGHQWVDQGVFKRROV
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H[DPLQHG GLIIHUHQFHVLQWKH
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LWHPVWHVWLQJSUHGLFWDEO\DVVHVVHGVWDQGDUGV7KHVHOLPLWHGVWXGLHVVXJJHVWWKDWYDULDWLRQV
LQWHVWSUHSDUDWLRQWHQGWRSURGXFHWKHJUHDWHVWVFRUHLQIODWLRQIRUWKHPRVWYXOQHUDEOH
VWXGHQWV
$QRWKHUGRFXPHQWHGSDWWHUQLVWKHUHDOORFDWLRQRILQVWUXFWLRQDOUHVRXUFHVZLWKLQ
VFKRROVWRZDUGVWXGHQWVZKRVHDQWLFLSDWHGVFRUHVDUHMXVWXQGHUWKHSURILFLHQF\FXWVFRUH
WKDWFRXQWVPRVWIRUDFFRXQWDELOLW\³EXEEOHVWXGHQWV´DQGDZD\IURPVWXGHQWVZKRVH
DQWLFLSDWHGVFRUHVDUHFRPIRUWDEO\DERYHRUEHORZSURILFLHQWDSUDFWLFHGHVFULEHGDV
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 $QXPEHURITXDQWLWDWLYHVWXGLHVKDYH
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DQDO\WLFDOVWUDWHJ\$VH[SODLQHGLQPRUHGHWDLOEHORZJLYHQRXUGHVLJQFRQVWUDLQWV
VLPSOHGLIIHUHQFHVLQSHUIRUPDQFHEHWZHHQDXGLWLWHPVDQGRWKHULWHPVDUHQRWGLUHFWO\
LQWHUSUHWDEOH7KHUHIRUHZHXVHDGLIIHUHQFHLQGLIIHUHQFHVVWUDWHJ\H[DPLQLQJWKH
FRYDULDQFHRIWKHGLIIHUHQFHEHWZHHQDXGLWDQGQRQDXGLWLWHPVZLWKYDULDEOHVSUHYLRXVO\
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RYHUWLPH7KHVHSDWWHUQVFDQLQFOXGHWKHDPRXQWRIHPSKDVLVJLYHQWRGLIIHUHQWFRQWHQW
LQFOXGLQJSUHGLFWDEOHRPLVVLRQVDQGWKHZD\VLQZKLFKFRQWHQWLVSUHVHQWHG6RPHRI
WKHSUHGLFWDELOLW\LVLQWHQWLRQDOHJWRNHHSIRUPVVXIILFLHQWO\VLPLODUWRSHUPLW
UHDVRQDEO\HUURUIUHHOLQNLQJZKLOHVRPHLVXQLQWHQGHG:KHQWHDFKHUVIRFXVRQWKH
SUHGLFWDEOHVSHFLILFVRIWKHWHVWWKH\FDQXQGHUPLQHLWVUHSUHVHQWDWLRQRIWKHGRPDLQ
6HOI0RQLWRULQJ$VVHVVPHQWV

KHQFHLQIODWLQJVFRUHV7HVWSUHSDUDWLRQPDWHULDOVRIWHQGUDZXVHUV¶DWWHQWLRQWRWKHVH
SUHGLFWDEOHSDWWHUQV DQGSURYLGHVWUDWHJLHVIRUSHUIRUPLQJZHOORQSUHGLFWDEOHLWHPVHJ
5XEHQVWHLQ
)RFXVLQJSUHSDUDWLRQRQSUHGLFWDEOHSDWWHUQVFDQWDNHWZRIRUPVZKLFK.RUHW]	
+DPLOWRQ ODEHOHGUHDOORFDWLRQ DQGFRDFKLQJ%RWKKDYHEHHQGRFXPHQWHGLQWKH
OLWHUDWXUHHJ+DPLOWRQHWDO/XQD	7XUQHU3HGXOODHWDO6KHSDUG
	'RXJKHUW\6PLWK6PLWK	5RWWHQEHUJ6WHFKHU 6WHFKHU	
%DUURQ 7KHGLVWLQFWLRQEHDUVRQRXUFUHDWLRQRIDXGLWFRPSRQHQWV
5HDOORFDWLRQUHIHUVWREHWWHUDOLJQLQJLQVWUXFWLRQDOUHVRXUFHVVXFKDVWLPHZLWK
WKHFRQWHQWRIWKHVSHFLILF WHVWXVHGIRUDFFRXQWDELOLW\5HDOORFDWLRQFDQEHEHQHILFLDOEXW
LWFDQDOVRJHQHUDWHVFRUHLQIODWLRQLILWHQWDLOVRPLWWLQJRUGHHPSKDVL]LQJFRQWHQWWKDWLV
LPSRUWDQWIRUWKHLQIHUHQFHEDVHGRQVFRUHV1XPHURXVVWXGLHVKDYHIRXQGWKDWPDQ\
WHDFKHUVUHSRUWGHFUHDVLQJWKHLUHPSKDVLVRQHOHPHQWVRIWKHFXUULFXOXPWKDWDUHGH
HPSKDVL]HGE\WKHWHVW3HGXOODHWDO6WHFKHU
&RDFKLQJHQWDLOVIRFXVLQJRQPLQRURIWHQLQFLGHQWDO FKDUDFWHULVWLFVRIWKHWHVW WKDW
DUHQRWWLHGWRWKHWDUJHWRILQIHUHQFH7KHVHFDQLQFOXGHERWKVXEVWDQWLYHO\XQLPSRUWDQW
GHWDLOVRIFRQWHQWDQGDVSHFWVRIWDVNSUHVHQWDWLRQHJLWHPIRUPDWWKHSDUWLFXODU
JUDSKLFVXVHGZLWKPDWKHPDWLFVLWHPVDQGVRRQ)RUH[DPSOHLWHPZULWHUVW\SLFDOO\XVH
3\WKDJRUHDQWULSOHVLQLWHPVDVVHVVLQJWKH3\WKDJRUHDQ7KHRUHPEHFDXVHVWXGHQWVDUH
XQDEOHWRFRPSXWHVTXDUH URRWVE\KDQG2QHFRPPRQIRUPRIFRDFKLQJLQUHVSRQVHWR
WKLVLVWHOOLQJVWXGHQWVWRPHPRUL]HWKHWZR3\WKDJRUHDQWULSOHVWKDWPRVWRIWHQDSSHDULQ
WHVWLWHPVሺ͵ ൅ Ͷ ൌ ͷ ሻ DQGHJ5XELQVWHLQ7KLVDOORZV
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VWXGHQWVWRDQVZHUWKHLWHPFRUUHFWO\ZLWKRXWDFWXDOO\OHDUQLQJWKHWKHRUHPRUEHLQJDEOH
WRDSSO\LWLQUHDOOLIH
$XGLWLWHPVLQDQ60$VKRXOGDVVHVVPDWHULDOWKDWLVUHOHYDQWWRWKHLQIHUHQFH
ZLWKRXWUHSOLFDWLQJWKHSUHGLFWDEOHSDWWHUQVWKDWFUHDWHRSSRUWXQLWLHVIRUWHVWSUHSDUDWLRQ
7RXVHWKH H[DPSOH DERYHLIDOORSHUDWLRQDOLWHPVDVVHVVLQJNQRZOHGJHRIWKH
3\WKDJRUHDQ7KHRUHPPDNHXVHRIFRPPRQ3\WKDJRUHDQWULSOHVDVXLWDEOHDXGLWLWHP
PLJKWEHDFDOFXODWRULWHPZLWKDQRQLQWHJHUVROXWLRQ6WXGHQWVZKRVHWHVWSUHSDUDWLRQ
IRFXVHGRQ3\WKDJRUHDQWULSOHV LQOLHXRIDSSURSULDWHLQVWUXFWLRQDERXWWKHWKHRUHPZRXOG
EHOHVVOLNHO\WRDQVZHUWKHDXGLWLWHPFRUUHFWO\WKDQZRXOGVWXGHQWVUHFHLYLQJDSSURSULDWH
LQVWUXFWLRQRQWKH3\WKDJRUHDQ7KHRUHP
'DWD
7KH1HZ<RUN6WDWH(GXFDWLRQ'HSDUWPHQW1<6('RIIHUHGXVWZR
RSSRUWXQLWLHVWRSLORWWHVWDQ60$&KDQJHVLQWKHVWDWH¶VRSHUDWLRQDOWHVWLQJSURJUDP
SURYLGHGDWKLUGXQSODQQHGRSSRUWXQLW\
6WXG\$ZDVLPSOHPHQWHGLQWKHFRQWH[WRIDVWDQGDORQHILHOGWHVWDGPLQLVWHUHG
VWDWHZLGHLQ-XQH  IRUSXUSRVHVRIOLQNLQJDQGSLORWWHVWLQJQHZLWHPV:HZHUH
SHUPLWWHGWRLQVHUWDXGLWLWHPVLQWRLWHPILHOGWHVWIRUPVWKDWZHUHDGPLQLVWHUHGWR
UDQGRPVDPSOHVRIVWXGHQWV6L[RIRXUDXGLWLWHPVZHUHLQVHUWHGLQWRUDQGRPSRVLWLRQVLQ
WKHVHIRUPV6DPSOHVL]HVZHUHVPDOOUDQJLQJIURPWRGHSHQGLQJRQWKHIRUP
VHH7DEOH
,QUHVSRQVHWROLPLWDWLRQVRI6WXG\$²LQSDUWLFXODUYHU\VPDOOVDPSOHVDQGWKH
SRVVLELOLW\RIGRZQZDUGELDVHVIURPZHDNPRWLYDWLRQLQWKHILHOGWHVWFRQWH[W²ZH
FRQGXFWHG6WXG\%LQWKHVSULQJRI,QWKLVVWXG\ZHHPEHGGHGDXGLWLWHPVLQDOO
RSHUDWLRQDOPDWKHPDWLFVWHVWIRUPVLQJUDGHVDQG1<6('PDWUL[VDPSOHVDWWKH
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
VFKRROOHYHOVFKRROVDUHGLYLGHGLQWRIRXUUHSUHVHQWDWLYHJURXSVDQGHYHU\VWXGHQWLQD
JLYHQVFKRROUHFHLYHVWKHVDPHWHVWIRUP,WHPVIRUVFRULQJVWXGHQWVDUHFRPPRQDFURVV
IRUPVEXWILHOGWHVWLWHPVDUHPDWUL[VDPSOHG:HZHUHSHUPLWWHGWRLQFOXGHDPD[LPXP
RIIRXULWHPVSHUIRUPDQGVHWVRIWZRDXGLWLWHPVZHUHSODFHGUDQGRPO\LQLWHPEORFNV
SRVLWLRQHGIRUILHOGWHVWLQJE\WKHVWDWH¶VFRQWUDFWRU7KHUHIRUHWKHPRGHOVLQWKLVVWXG\
LQFOXGHGODUJHVDPSOHVRIVWXGHQWVEXWVDPSOHVRIRQO\IRXUDXGLWLWHPVSHUVWXGHQW
7DEOH 
6WXG\&VWHPPHGIURPFKDQJHV1<6('PDGHWRLWVWHVWLQJSURJUDPLQUHVSRQVHWR
FRQFHUQVDERXWLQIODWLRQ,QWKHWHVWVZHUHPDGHORQJHUDQGWKH\LQFOXGHGLWHPV
DVVHVVLQJVWDQGDUGVWKDWKDGQRWSUHYLRXVO\EHHQWHVWHG :HXVHGWKHLWHPVDVVHVVLQJ
SUHYLRXVO\XQWHVWHGVWDQGDUGVDVDQDXGLWFRPSRQHQW 7KLV JDYHXVYHU\ODUJHVDPSOHVRI
VWXGHQWVDQGODUJHUVDPSOHVRILWHPVSHUVWXGHQWWKDQLQHLWKHURIWKHRWKHUVWXGLHV
7DEOH 
$FURVVWKHWKUHHVWXGLHVWKUHHJUDGHVDQGPXOWLSOHIRUPVSHUJUDGHUDQJLQJIURP
WRGHSHQGLQJRQWKHVWXG\WKHVHVWXGLHV\LHOGHG VDPSOHVDQGKHQFHPRGHOV
DQGWHVWVRIRXUK\SRWKHVLVHDFKLQJUDGHVDQGDQGWHVWVLQJUDGH:LWKLQD
JUDGHDOOVDPSOHV²ERWKZLWKLQDQGDFURVVVWXGLHV²ZHUHLQGHSHQGHQWDQGUDQGRPO\
HTXLYDOHQWRWKHUWKDQGLIIHUHQFHVEHWZHHQWKHDQGFRKRUWV7KXVWKHPXOWLSOH
PRGHOVSHUJUDGHFDQEHWUHDWHGDVUHSOLFDWLRQV
7KHVHWKUHHVWXGLHVKDYHRQO\SDUWLDOO\RYHUODSSLQJVWUHQJWKVDQGZHDNQHVVHVDQG
IRUWKDWUHDVRQZHVWUHVVSDWWHUQVWKDWDUHFRQVLVWHQWDFURVVWKHP6WXGLHV$DQG%JDYH
XVFRQWURORYHUWKHLWHPVXVHGDVDXGLWVDQGLQFOXGHGDOOIRXURIWKHLWHPW\SHVGHVFULEHG
EHORZ+RZHYHUERWKKDGYHU\ORZSRZHU6WXG\%KDGIHZDXGLWLWHPVSHUVWXGHQWDQG
6WXG\$KDGERWKIHZDXGLWLWHPVDQGVPDOOVDPSOHVRIVWXGHQWVSHUIRUP6WXG\&KDG
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ERWKODUJHVDPSOHVRIVWXGHQWVDQGODUJHUVDPSOHVRIDXGLWLWHPVEXWWKHLWHPVZHUHQRW
RIRXUFKRRVLQJDQGWKH\LQFOXGHGRQO\RQHRIWKHIRXUW\SHVGHVFULEHGEHORZ6WXG\$
SRVHGULVNVRIGRZQZDUGPRWLYDWLRQDOELDVHVZKHUHDVVWXGLHV%DQG&GLGQRW
2SHUDWLRQDOVFRUHVLQ6WXG\$VKRZHGWKHVXEVWDQWLDOVNHZQHVVDQGULJKWFHQVRULQJWKDW
LVFRPPRQZLWKKLJKVWDNHVWHVWV+R	<XLQSUHVV7KLVZDVOHVVRIDQLVVXHLQWKH
RWKHUVWXGLHVEHFDXVHRIWKHEURDGHQLQJRIWKHVWDWHWHVWVLQ
:HFUHDWHGRXUDQDO\WLFVDPSOHVXVLQJWKHVDPHDSSURDFKLQDOOWKUHHVWXGLHV:H
GURSSHGVFKRROVZLWKIHZHUWKDQWHVWHGVWXGHQWV7KHGHVLJQRI6WXG\$GLGQRWSHUPLW
LPSRVLQJDKLJKHUPLQLPXPFRXQW7KLVLVGLVFXVVHGIXUWKHULQWKHVHFWLRQRQVHQVLWLYLW\
WHVWVEHORZ:HWKHQGURSSHGVWXGHQWVPLVVLQJHLWKHUDQDXGLWRUQRQDXGLWWHVWVFRUH
/DVWO\ZHH[FOXGHGDVPDOOQXPEHURIVWXGHQWVOHVVWKDQZLWKDSSDUHQWO\
DQRPDORXVVFRUHV 7KHVHGHFLVLRQVOHIWXVZLWKDSSUR[LPDWHO\ RIWKHRULJLQDO
VDPSOHIRU6WXG\$ IRU6WXG\&DQG IRU6WXG\%7KHVHDQDO\WLFVDPSOHV
GLIIHUHGOLWWOHIURPRXURULJLQDOGDWDLQWHUPVRIREVHUYHGVWXGHQWFKDUDFWHULVWLFV
$GGLWLRQDOO\WKHVDPSOHVDFURVVWKHWKUHHVWXGLHVDUHYHU\VLPLODULQGHPRJUDSKLF
FRPSRVLWLRQVHHRQOLQHVXSSOHPHQWDU\PDWHULDOV7DEOH6
 :HDOVRGURSSHGDYHU\VPDOOQXPEHURIVWXGHQWVZLWKPLVPDWFKHGIRUPERRNOHWV,QDGGLWLRQZH
GURSSHG36 6KXDQJ:HQ6FKRRODSXEOLFVFKRROLQ1HZ<RUN&LW\ZLWKDQLPPHUVLRQSURJUDPLQ
0DQGDULQ&KLQHVH $ODUJHSHUFHQWRIWKHVFKRRO¶VVWXGHQWVZHUH$VLDQ DQG DQH[WUHPHYDOXHUHODWLYHWR
WKHUHVWRIWKHVFKRROVLQRXUVDPSOHLQIODWHG FRHIILFLHQWVIRUWKHVFKRROSURSRUWLRQ$VLDQ YDULDEOH
6HOI0RQLWRULQJ$VVHVVPHQWV

0HWKRGV
6HOHFWLRQRI$XGLW,WHPV
7RJXLGHRXUGHYHORSPHQWRIDXGLWLWHPVZHPRGLILHGWKHIUDPHZRUNRIIHUHGE\
+ROFRPEH-HQQLQJVDQG .RUHW] WRGHVFULEHWKHVWDJHVRIVDPSOLQJDQGQDUURZLQJ
WKDWDUHXQDYRLGDEOHLQWKHFRQVWUXFWLRQRIDWHVW)LUVWRQHPXVWGHFLGHZKLFKHOHPHQWV
IURPWKHWDUJHWRILQIHUHQFHZLOOEHUHSUHVHQWHGLQWKHVWDQGDUGVRUFXUULFXOXP7KH
PDWHULDOVDPSOHGE\WKHVWDQGDUGVPD\H[FOXGHRUGHHPSKDVL]HVRPHFRQWHQWWKDWLV
LPSRUWDQWIRUVWDNHKROGHUV¶LQIHUHQFHV6HFRQGWKHWHVWDXWKRUVPXVWGHFLGHZKLFKRIWKH
VWDQGDUGVZLOOEHWHVWHGDQGDPRQJWKRVHWKDWZLOOEHWHVWHGKRZIUHTXHQWO\WKH\ZLOOEH
WHVWHGDQGKRZPXFKHPSKDVLVWKH\ZLOOEHJLYHQLQDW\SLFDOIRUP7KLUGDJLYHQ
VWDQGDUGFDQEHZRUGHGLQYDULRXVZD\VDQGWKHVSHFLILFZRUGLQJFKRVHQPD\IXUWKHU
QDUURZWKHUDQJHRIZKDWLVWHVWHG)LQDOO\WKHGHVLJQRIWKHLWHPVWHVWLQJDVWDQGDUGPD\
IXUWKHUQDUURZDJLYHQLWHPPD\QDUURZZKDWLVWHVWHG7KLVFDQEHHLWKHUE\VHOHFWLRQRI
FRQWHQWIURPZLWKLQWKHUDQJHLPSOLHGE\WKHVWDQGDUGRUE\WKHFKRLFHRI UHSUHVHQWDWLRQV
RIWKLVPDWHULDO
(DFKRIWKHVHVWDJHVRIVDPSOLQJLISUHGLFWDEOHDIIRUGVRSSRUWXQLWLHVWRIRFXVRQ
WKHVSHFLILFVRIWKHWHVWDQGWKHUHE\XQGHUPLQHUHSUHVHQWDWLRQRIWKHWDUJHWDQGLQIODWH
VFRUHV7KHSULQFLSOHXQGHUO\LQJWKHGHVLJQRI 60$VLVWRDGPLQLVWHULWHPVWKDWDUH
UHOHYDQWWRWKHLQIHUHQFHEXWWKDWGRQRWVKDUHWKLVSUHGLFWDEOHQDUURZLQJ
8VLQJWKLVIUDPHZRUNZHLGHQWLILHGRSSRUWXQLWLHVIRUQDUURZHGLQVWUXFWLRQLQWKH
1HZ<RUNWHVWV7KHILUVWVWDJHLGHQWLILHGE\+ROFRPEHHWDOQDUURZLQJIURPWKH
WDUJHWWRVWDQGDUGVLVXQDYRLGDEO\FRQWURYHUVLDOEXWDVDQDSSUR[LPDWLRQZHWUHDWHGWKH
1$(3IUDPHZRUNVDQG0&$6VWDQGDUGVLQJUDGHIRUZKLFKWKHUHDUHQR1$(3
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IUDPHZRUNVDVRSHUDWLRQDOL]DWLRQVRIWKHGRPDLQ:HPDSSHGWKH1HZ<RUNVWDQGDUGV
WRERWK DQGIRXQGWKDWWKHVSDQRIWKH1HZ<RUN6WDWHVWDQGDUGVZDVVXEVWDQWLDOO\
QDUURZHUWKDQHLWKHU$IWHULGHQWLI\LQJLPSRUWDQWPDWHULDOLQFOXGHGLQWKH1$(3RU
0&$6IUDPHZRUNVEXWQRWLQWKH1HZ<RUNVWDQGDUGVZHVHOHFWHGUHOHDVHGLWHPVIURP
WRUHSUHVHQWDVPDOODPRXQWRIWKLVFRQWHQW:HODEHOWKHVHDV³QRWLQVWDQGDUGV´1,6
LWHPV 1,6LWHPVZHUHQRWXVHGLQDOORIRXUIRUPV%HFDXVH1,6LWHPVWKHVHDUHOLNHO\WR
EHPRUHFRQWURYHUVLDOWKDQWKHRWKHUW\SHVZHFOHDUO\LGHQWLI\EHORZZKLFKUHVXOWV
LQFOXGHWKHP
7RDGGUHVVWKHVXEVHTXHQWVWDJHVRIVDPSOLQJWKDWLVWKRVHWKDWWDNHWKH1HZ
<RUNVWDQGDUGVDVDJLYHQZHH[DPLQHGWKHZRUGLQJRIHDFK1HZ<RUNVWDQGDUGWRVHH
ZKDWVNLOOVWKHVSHFLILFZRUGLQJLQFOXGHVDQGH[FOXGHV :HWKHQXVHGLWHPPDSVWR
HVWDEOLVKWKHIUHTXHQF\ZLWKZKLFKVWDQGDUGVKDGEHHQWHVWHGLQSUHYLRXV\HDUV)LQDOO\
ZHDUUD\HGDOORSHUDWLRQDOLWHPVIRUDOO\HDUVIURPWRFKURQRORJLFDOO\ZLWKLQ
VWDQGDUGVWRH[DPLQHVLPLODULWLHVDQGYDULDWLRQVLQERWKFRQWHQWDQGUHSUHVHQWDWLRQ7KLV
ZRUNUHYHDOHGSUHGLFWDEOHSDWWHUQVLQWKHWHVWVVXFKDVUHFXUUHQWRPLVVLRQVSHUVLVWHQW
GLIIHUHQFHVLQFRQWHQWHPSKDVLVDQGUHFXUUHQWSDWWHUQVLQWKHSUHVHQWDWLRQRIPDWHULDO
7KHVHFRQGVWDJHDULVHVZKHQFHUWDLQVWDQGDUGVDUHFRQVLVWHQWO\RPLWWHG7KHWZR
SULQFLSDOLQYHVWLJDWRUVLQGHSHQGHQWO\UHYLHZHGWKHVHRPLWWHGVWDQGDUGVWRHYDOXDWHWKHLU
VXLWDELOLW\IRULQFOXVLRQLQWKHDXGLWIRU6WXGLHV$DQG%6RPHVWDQGDUGVVXFKDVWKRVH
UHTXLULQJDFDOFXODWRURUWKRVHUHTXLULQJ³XVHRISK\VLFDOPRGHOVWRSHUIRUPRSHUDWLRQV
ZLWKSRO\QRPLDOV´ $ ZHUHQRWSRVVLEOHWRWHVWLQWKHFRQWH[WRIWKHH[LVWLQJWHVWLQJ
SURJUDP:HSULRULWL]HGXQWHVWHGVWDQGDUGVWKDWDVNHGIRUFULWLFDOWKLQNLQJDQGDSSOLFDWLRQ
HJ $³6ROYHOLQHDULQHTXDOLWLHVE\FRPELQLQJOLNHWHUPVXVLQJWKHGLVWULEXWLYH
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SURSHUW\RUPRYLQJYDULDEOHV WRRQHVLGHRIWKHLQHTXDOLW\>LQFOXGHPXOWLSOLFDWLRQRU
GLYLVLRQRILQHTXDOLWLHVE\DQHJDWLYHQXPEHU@´DQGH[FOXGHGWKRVHWKDWVLPSO\VSHFLILHG
PDWKHPDWLFDOYRFDEXODU\HJ $ ³'HILQHDQGXVHFRUUHFWWHUPLQRORJ\ZKHQ
UHIHUULQJWRIXQFWLRQ>GRPDLQDQGUDQJH@ RUWKRVHDVNLQJIRUPHFKDQLFDODSSOLFDWLRQVRI
FRQFHSWVHJ* ³'HWHUPLQHWKHHTXDWLRQRIDOLQHJLYHQWKHVORSHDQGWKH\
LQWHUFHSW´ :HODEHOLWHPVWHVWLQJWKHVHOHFWHGSUHYLRXVO\RPLWWHGVWDQGDUGVDV³XQWHVWHG
VWDQGDUGV´86LWHPV,Q6WXG\&WKH86LWHPVZHUHSURYLGHGE\WKHVWDWH¶VFRQWUDFWRU
ZLWKRXWRXULQSXW
,QFOXVLRQDQGH[FOXVLRQRIVWDQGDUGVLVDQH[WUHPHLQVWDQFHRIWKHPRUHJHQHUDO
SUREOHPRISUHGLFWDEOHGLIIHUHQFHVLQHPSKDVLVRYHUWLPH+RZHYHURXU86LWHPVDXGLW
RQO\VWDQGDUGVQHYHUEHIRUHWHVWHGQRWWKRVHWHVWHGLQIUHTXHQWO\LQWKHSDVW
7KHWKLUGVWDJHQDUURZLQJE\ZRUGLQJRIWKHVWDQGDUGVLVSDUWLFXODUO\LPSRUWDQW
LQ1HZ<RUN1HZ<RUNZURWHPDQ\RIWKHVWDQGDUGVLQXVHDWWKDWWLPHYHU\QDUURZO\
7KLVEHFRPHVFOHDULIRQHFRPSDUHVWKHVHVWDQGDUGVWRWKH0DVVDFKXVHWWVVWDQGDUGV)RU
H[DPSOHWKH0DVVDFKXVHWWVWK PHDVXUHPHQWVWDQGDUG0VWDWHV WKDWVWXGHQWVZLOO
³'HPRQVWUDWHDQXQGHUVWDQGLQJRIWKHFRQFHSWVDQGDSSO\IRUPXODVDQGSURFHGXUHVIRU
GHWHUPLQLQJPHDVXUHVLQFOXGLQJWKRVHRIDUHDDQGSHULPHWHUFLUFXPIHUHQFHRI
SDUDOOHORJUDPVWUDSH]RLGVDQGFLUFOHV*LYHQWKHIRUPXODVGHWHUPLQHWKHVXUIDFHDUHD
DQGYROXPHRIUHFWDQJXODUSULVPVF\OLQGHUVDQGVSKHUHV8VHWHFKQRORJ\DV
DSSURSULDWH´,QFRQWUDVWPDQ\RI1HZ<RUN¶VVWDQGDUGVDUHIUDPHGQDUURZO\DQGLQ
VRPHFDVHVVRQDUURZO\WKDWWKH\FRPHFORVHWRLPSO\LQJVSHFLILFWHVWTXHVWLRQV)RU
H[DPSOHJHRPHWU\ VWDQGDUG*UHTXLUHVWKDWVWXGHQWV³'HWHUPLQHDQJOHSDLU
UHODWLRQVKLSVZKHQJLYHQWZRSDUDOOHOOLQHVFXWE\DWUDQVYHUVDO´:HHQGHDYRUHGWRILQG
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DXGLWLWHPVWKDWZRXOGEURDGHQWKHVFRSHRIVRPHVWDQGDUGVPRGHVWO\ZKLOHUHWDLQLQJWKH
FRQVWUXFWDFURVVZKLFKWHVWXVHUVPLJKWH[SHFWSHUIRUPDQFHWRJHQHUDOL]H7KHVHDUH
ODEHOHG³EURDGHQLQJDWWKHOHYHORIVWDQGDUGV´%6LWHPV+RZHYHUVRPH1HZ<RUN
PDWKHPDWLFVVWDQGDUGVZHUHVRQDUURZO\ZULWWHQWKDWZHFRXOGQRWGHYLVHDZD\WRGR
WKLV
7KHILQDOVWDJHV RIVDPSOLQJQDUURZVPDWHULDOIURPZLWKLQDVWDQGDUGDVLWLV
ZRUGHG)RUH[DPSOHDJLYHQVWDQGDUGPD\VSHFLI\WKDWVWXGHQWVOHDUQURWDWLRQ
WUDQVIRUPDWLRQDQGGLODWLRQRIDSRO\JRQRQDFRRUGLQDWHSODQHEXWWKHWHVWLWHPVPD\
LQFOXGHRQO\URWDWLRQV7KHLWHPVPD\DOVRVKRZSUHGLFWDEOHSDWWHUQVLQHLWKHUWKH
SUHVHQWDWLRQRIPDWHULDORULQWKHXVHRILUUHOHYDQWFRQWHQWGHWDLOV,QH[WUHPHFDVHVWKHVH
FKRLFHVPD\EHVRVLPLODURYHUWLPHWKDWLWHPVDUHYLUWXDOFORQHVRILWHPVXVHGLQHDUOLHU
IRUPVRIWKHDVVHVVPHQW7KH DXGLW LWHPVDGGUHVVLQJWKHVHDVSHFWVRIQDUURZLQJDUH
ODEHOHG ³EURDGHQLQJDWWKHOHYHORILWHPV´ %,LWHPV
/DFNLQJSULRUUHVHDUFKWRJXLGHWKHGHYHORSPHQWRUVHOHFWLRQRI%,RU%6LWHPV
ZHRSWHGWRWU\WRDYRLGFRQIRXQGLQJWKHHIIHFWVRISUHSDUDWLRQDLPHGDWSUHGLFWDEOH
RFFXUUHQFHVZLWKRWKHULUUHOHYDQWGLIIHUHQFHVEHWZHHQLWHPV7KHUHIRUHGLIIHUHQFHV
EHWZHHQ%,DQG%6DXGLWLWHPVDQGQRQDXGLWLWHPVZHUHPLQRU7KLVSRVHGWKHULVNRI
LQWURGXFLQJWRROLWWOHQRYHOW\DQGKHQFHXQGHUHVWLPDWHVRUVSXULRXVQXOOILQGLQJV7KH
UHVXOWVEHORZGRVKRZWKDWVRPHDXGLWLWHPVGLGQRWIXQFWLRQHIIHFWLYHO\DVDXGLWV
,Q6WXGLHVDQGZHZHUHSHUPLWWHGWRDGPLQLVWHURQO\PXOWLSOHFKRLFHDXGLW
LWHPVDQGWKHQXPEHURIDXGLWLWHPVZDVFRQVWUDLQHGE\WKHVWDWHDQGLWVFRQWUDFWRU,Q
6WXG\&WKHVHOHFWLRQDQGQXPEHURIDXGLWLWHPVZDVGHWHUPLQHGE\WKHVWDWH¶V
FRQWUDFWRU$OOEXWRQHRIWKH6WXG\&DXGLWLWHPVZHUHPXOWLSOHFKRLFH
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7KHODUJHPDMRULW\RIRXUDXGLWLWHPVIRU6WXGLHVDQGZHUHSXEOLFO\ DYDLODEOH
SUHYLRXVO\DGPLQLVWHUHGLWHPVIURPODUJHVFDOHDVVHVVPHQWVLQFOXGLQJWKH1$(3
7,066DQGVWDWHDVVHVVPHQWVIURP0DVVDFKXVHWWVDQG3HQQV\OYDQLD:HSULRULWL]HG
LWHPVWKDWDVNHGVWXGHQWVWRGHPRQVWUDWHDGHHSHUXQGHUVWDQGLQJRIDVNLOORUFRQFHSW
UDWKHUWKDQSURFHGXUDOLWHPVDQGGLGQRWLQFOXGHLWHPVZLWKYHU\KLJKSYDOXHVLQ
SUHYLRXVDGPLQLVWUDWLRQV,WZDVRIWHQQHFHVVDU\WRPRGLI\WKHVHLWHPVHLWKHUIRUFRQWHQW
RUWRPDWFKWKHIRXUFKRLFHIRUPDWRIWKH1HZ<RUNWHVWV,QDIHZLQVWDQFHVLQZKLFKZH
ZHUHXQDEOHWRILQGVXLWDEOHSUHYLRXVO\DGPLQLVWHUHGLWHPVZHDQGFROOHDJXHVDW&LWRD
WHVWLQJILUPLQWKH1HWKHUODQGVZURWHLWHPV,Q6WXG\&WKHDXGLWLWHPVZHUH86LWHPV
LQFOXGHGLQWKHRSHUDWLRQDOIRUPVE\WKHVWDWH¶VWHVWLQJFRQWUDFWRUZLWKRXWJXLGDQFH
IURPXV
$OORFDWLRQRI,WHPVWR)RUPV
6WXGLHV$DQG%:HLQFOXGHGLWHPVRIDOOIRXUW\SHVLQ6WXGLHV$DQG%&RXQWV
DUHVKRZQLQ7DEOH%HFDXVHZHZDQWHGWRUHHYDOXDWHWKHDXGLWGHVLJQLQWKHFRQWH[WRI
DQRSHUDWLRQDODVVHVVPHQWPDQ\RIWKHDXGLWLWHPVDGPLQLVWHUHGLQ6WXG\$ZHUHUHXVHG
LQ6WXG\%$OOLWHPVZHUHUHXVHGDWWKHVHYHQWKJUDGHDQGRIZHUHUHXVHGDWWKH
IRXUWKJUDGH+RZHYHUZHUHXVHGRQO\RIDXGLWLWHPVLQHLJKWKJUDGHEHFDXVHZH
IRXQGWKDWVHYHUDOIDLOHG WRIXQFWLRQZHOOEDVHGRQUHVXOWVIURP6WXG\$7KHUHIRUHLQ
6WXG\%ZHUHSODFHGWKHVHLWHPVZLWKQHZDXGLWLWHPVVHOHFWHGIURPWKHVDPHSXEOLF
VRXUFHVRUFUHDWHGEDVHGRQWKHVDPHSULQFLSOHVDVIRU6WXG\$
,Q6WXG\$ZHVHOHFWHGWKHQRQDXGLW LWHPVIRUHDFKIRUPIURPSDVWRSHUDWLRQDO
DQGDQFKRULWHPVLQWKH)LHOG7HVW,QHDFKIRUPZHPDWFKHGHDFKRIWKHDXGLW
LWHPV WKDWZHUHEURDGHQHGDWWKHVWDQGDUGVRULWHPOHYHO%,DQG%6LWHPVZLWKD
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QRQDXGLW LWHPWKDWFORVHO\PDWFKHGLWLQFRQWHQW EXWWKDWGLIIHUHGRQRQHRUPRUH
SUHGLFWDEOHFKDUDFWHULVWLFVSRWHQWLDOO\DVVRFLDWHGZLWKFRDFKLQJ 7KLVPDWFKLQJZDV
LQWHQGHGWRJXDUGDJDLQVWGLIIHUHQFHVLQGLIILFXOW\DULVLQJIURPLQWHQWLRQDOGLIIHUHQFHVLQ
FRQWHQWUDWKHUWKDQIURPWHVWSUHSDUDWLRQ6XFKPDWFKLQJZDVQRWSRVVLEOHE\GHILQLWLRQ
IRUXQWHVWHGVWDQGDUGV86DQGQRWLQVWDQGDUGV1,6LWHPV1RQHWKHOHVVZHZHUHDEOH
WRSDLUHDFKRIWKH 86DQG1,6DXGLWLWHPVZLWKDQRQDXGLW LWHPWHVWLQJWKHVDPHFRQWHQW
DUHDGHILQHGE\WKHOHDUQLQJVWDQGDUG RUVWUDQGHJ $OJHEUDLQWKH1HZ<RUNVWDQGDUGV
,QFRQWUDVWLQ6WXG\%WKHHQWLUHRSHUDWLRQDOIRUPPLQXVRXUDXGLWLWHPVZDV
XVHGDVWKHQRQDXGLWFRPSRQHQW7KLVZDVGRQHWROHVVHQWKHSUREOHPRIORZUHOLDELOLWLHV
RIGLIIHUHQFHVFRUHVFUHDWHGE\WKHVPDOOQXPEHURIDXGLWLWHPVEXWLWSUHFOXGHGWKHFORVH
PDWFKLQJZHFDUULHGRXWLQ6WXG\$:HGLGSRVWKRFPDWFKLQJRILWHPVLQ6WXG\%DV
GHVFULEHGEHORZ
6WXG\&7KHDXGLWLWHPVLQ6WXG\& ZHUHDOPRVWDOOLWHPVWKDWDVVHVVHG
SUHYLRXVO\XQWHVWHGVWDQGDUGV86LWHPV7KHVHZHUHDGGHGZLWKRXWLQSXWIURPXV,Q
HDFKRIIRXUWKDQGHLJKWKJUDGHVZHGURSSHGWKUHHLWHPVWKDWDVVHVVHGSUHYLRXVO\XQWHVWHG
VWDQGDUGVEXWWKDWZHUHH[WUHPHO\HDV\SYDOXHVUDQJLQJIURPWRDVLWLVXQOLNHO\
WKDWH[WUHPHO\HDV\LWHPVZRXOGVKRZHQRXJKYDULDWLRQWRVHUYHHIIHFWLYHO\DVDXGLWLWHPV
:HXVHGWKHUHPDLQLQJLWHPVLQWKHRSHUDWLRQDOVWDWHWHVWDVWKHQRQDXGLW LWHPV
9DULDEOHV
2XWFRPH 7KHGHSHQGHQWYDULDEOHLQDOOWKUHHVWXGLHVZDV WKHVLPSOHGLIIHUHQFH
EHWZHHQWKHUDZSURSRUWLRQFRUUHFWRQWKHQRQDXGLW DQGDXGLWSRUWLRQV RIWKHWHVW
 ൌ
ZKHUHL LQGH[HVLQGLYLGXDOVDQGV LQGH[HVVFKRROV:HVWDQGDUGL]HGWKLVGLIIHUHQFHWR
PHDQVWDQGDUGGHYLDWLRQ
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3UHGLFWRUV 2XUSUHGLFWRUYDULDEOHVLQFOXGHGDYDULHW\RIVWXGHQWOHYHO
FKDUDFWHULVWLFVDQGVFKRRODYHUDJHVRIWKHVHFKDUDFWHULVWLFV
'HPRJUDSKLFV:HLQFOXGHGVWXGHQWOHYHOGXPP\YDULDEOHVIRU$IULFDQ
$PHULFDQ+LVSDQLFDQG$VLDQVWXGHQWVOHDYLQJZKLWHDQGRWKHUUDFHVWXGHQWVDVRXU
RPLWWHGFRPSDULVRQJURXS :HDOVRLQFOXGHGDQLQGLFDWRURIORZLQFRPHVWDWXVZKLFKLV
GHILQHGE\1<6('DVZKHWKHURUQRWDVWXGHQWSDUWLFLSDWHVLQWKHIUHHDQGUHGXFHGSULFH
OXQFKSURJUDPRURWKHUHFRQRPLFDVVLVWDQFHSURJUDP
%XEEOHVWDWXV:HDOVRLQFOXGHGDELQDU\LQGLFDWRURIEXEEOHVWDWXV/DFNLQJ
WHDFKHUV¶RZQFODVVLILFDWLRQRIEXEEOHVWXGHQWVZHIROORZHGWKHFRQYHQWLRQLQRWKHU
UHVHDUFKHJ1HDODQG6FKDQ]HQEDFKDQGXVHGSULRU\HDUSHUIRUPDQFHDVD
SUR[\:HFODVVLILHGDVEXEEOHVWXGHQWVWKRVHZKRVHVFRUHVLQWKHSUHYLRXV\HDU¶VVWDWH
WHVW ZHUHXSWRWKUHHUDZVFRUHSRLQWVEHORZWKHFXWVFRUHIRU/HYHO³3URILFLHQW´$
VHQVLWLYLW\DQDO\VLVFRPSDULQJDOWHUQDWLYHGHILQLWLRQVRIWKLVYDULDEOHLVGLVFXVVHGEHORZ
1HZ<RUN&LW\1HZ<RUN&LW\ZKLFKHQUROOVRYHUSHUFHQWRIWKHVWXGHQWVLQ
WKHVWDWHPLJKWKDYHGLVWLQFWSDWWHUQVRILQIODWLRQEHFDXVHLWGLIIHUVLQLWVGHPRJUDSKLF
PDNHXSDQGKDVDXQLTXHVFKRRODFFRXQWDELOLW\V\VWHP,Q6WXG\&WKHPDLQHIIHFWIRU
WKH1HZ<RUN&LW\GXPP\ZDVQHJDWLYHZKLOHWKHFRHIILFLHQWVIRUWKHEODFNGXPP\DQG
SURSRUWLRQEODFNZHUHSRVLWLYHDQGODUJHUWKDQHOVHZKHUHLQWKHVWDWH +RZHYHUWKHVH
ILQGLQJVZHUHQRWUHSOLFDWHGLQWKHRWKHUVWXGLHV7KHUHIRUHZHGLGQRWUHSRUWWKH1HZ
 ,QPRVWFDVHVSDUHQWVUHSRUWHGUDFH:KHQSDUHQWVGLGQRWUHSRUWUDFHGLVWULFWVZHUHUHVSRQVLEOHIRU
DVVLJQLQJFODVVLILFDWLRQV
 )RUGHWDLOHGLQIRUPDWLRQDERXWWKHFULWHULDIRUWKHORZLQFRPHYDULDEOHVHH8QLYHUVLW\RIWKH6WDWHRI
1HZ<RUNS
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<RUN&LW\GXPP\LQRXUSULPDU\UHVXOWVDQGH[FOXGHGLQWHUDFWLRQVZLWKWKDWGXPP\LQ
WKHPRGHOVUHSRUWHGKHUH
$QDO\WLFDODSSURDFK
/DFNLQJDQHIIHFWLYHZD\WROLQNDFURVVIRUPVZHFRQGXFWHGRXUDQDO\VHVDWWKH
OHYHORIIRUPVZLWKLQJUDGH
7KHDXGLWWHVWVFRUH LQHTXDWLRQLVLGHDOO\DQXQELDVHGHVWLPDWRURIWKH
VWXGHQW¶VXQLQIODWHGDFKLHYHPHQW 
 ൌ ൅ ǡ ሺ ሻ ൌ ͲǤ
:HDVVXPHLWLVXQELDVHGEHFDXVHWKHLWHPVDUHQRYHOZLWKUHVSHFWWRWKHVSHFLILFFRQWHQW
RUSUHVHQWDWLRQWKDWIDFLOLWDWHVLQDSSURSULDWHWHVWSUHSDUDWLRQDQGVFRUHLQIODWLRQ7RWKH
H[WHQWWKDWWKLVDVVXPSWLRQLVYLRODWHGWKHUHVXOWLVDGRZQZDUGELDVLQRXUHVWLPDWHVRI
LQIODWLRQ
LQHTXDWLRQLVSRWHQWLDOO\ELDVHGE\LQIODWLRQ ZKLFKLVH[SHFWHGWR
YDU\ERWKZLWKLQDQGEHWZHHQVFKRROV,QDGGLWLRQVFKRROSHUIRUPDQFHPD\GLIIHU
EHWZHHQSDUWVRIDWHVWIRUV\VWHPDWLFUHDVRQVXQUHODWHGWRLQIODWLRQZKLFKZHODEHO 
 ൌ ൅ ൅ ൅ ǡ ሺ ሻ ൌ ͲǤ
7KHUHIRUHRQHFDQUHH[SUHVVWKHDXGLWPHDVXUHLQHTXDWLRQDV
 ൌ ൅ ൅ ሺ ሻǤ
+RZHYHU LVXQREVHUYHGDQGFDQQRWEHGLUHFWO\HVWLPDWHGEHFDXVHZHQHYHU
REVHUYHSHUIRUPDQFHLQWKHILUVW\HDURIWKHWHVWLQJSURJUDPZKHQ ZRXOGSUHVXPDEO\
EH]HUR7KHUHIRUHZHFDQQRWDVFHUWDLQWKHUHODWLYHGLIILFXOW\RIDXGLWDQGQRQDXGLWLWHPV
LQWKHDEVHQFHRILQIODWLRQ2XUVROXWLRQIROORZLQJWKHVXJJHVWLRQRI.RUHW]	%HJXLQ
LVDGLIIHUHQFHLQGLIIHUHQFHVDSSURDFKLQWHQGHGWRUHPRYH IURPRXURXWFRPH
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6SHFLILFDOO\ZHLQYHVWLJDWHGZKHWKHUWKHQRQDXGLWDXGLWGLIIHUHQFHLV
V\VWHPDWLFDOO\ODUJHUDPRQJVWXGHQWVRUVFKRROVIRUZKLFKVFRUHLQIODWLRQLVOLNHO\WREH
JUHDWHU)RUWKLVSXUSRVHZHUHOLHGRQWKHUHVHDUFKQRWHGDERYHWKDWLQYHVWLJDWHGZKHUH
ERWKWHVWSUHSDUDWLRQDQGVFRUHLQIODWLRQWHQGWREHPRVWVHYHUH7KDWLVZHH[DPLQHGWKH
H[WHQWWRZKLFKWKHQRQDXGLWDXGLWGLIIHUHQFHFRYDULHVZLWKSRYHUW\UDFHHWKQLFLW\DQG
HVSHFLDOO\EXEEOHVWDWXVDWERWKWKHVWXGHQWDQGVFKRROOHYHO
7KLVDSSURDFKDVVXPHVWKDW GRHVQRWVXEVWDQWLDOO\FRYDU\ZLWKRXUTXHVWLRQ
SUHGLFWRUV7KHUHDUHVHYHUDOUHDVRQVZK\WKLVDVVXPSWLRQDSSHDUVUHDVRQDEOH)LUVW%,
DQG%6LWHPVGLIIHUIURPFRUUHVSRQGLQJQRQDXGLWLWHPVRQO\LQLQFLGHQWDOFKDUDFWHULVWLFV
DQGLQWKHDEVHQFHRIUHVSRQVHVWRWHVWLQJWKHUHLVQRUHDVRQWRH[SHFWWKHVH LQFLGHQWDO
FKDUDFWHULVWLFVWRYDU\V\VWHPDWLFDOO\ZLWKWKHFKDUDFWHULVWLFVRIVWXGHQWVDQGVFKRROVLQ
RXUPRGHOV/LNHZLVHWKHUHLVQRUHDVRQWRH[SHFWWKDWWKHFRQWUDFWRU¶VGHFLVLRQVDERXW
LQFOXVLRQDQGH[FOXVLRQRIVWDQGDUGVZRXOGEHV\VWHPDWLFDOO\UHODWHGWRWKHFKDUDFWHULVWLFV
RIVWXGHQWVRUVFKRROV0RUHRYHUZLWKWKHH[FHSWLRQRI1,6LWHPVDOODXGLWLWHPV
PHDVXUHFRQWHQWWKDWLVLQFOXGHGLQWKHWDUJHWRILQIHUHQFHDQGWKHUHIRUHLQWKHFRQWHQWWKDW
VFKRROVDUHH[SHFWHGWRWHDFKVRDIDLOXUHRIJDLQVWRJHQHUDOL]HWRWKHVHLWHPVFDQEH
FRQVLGHUHGLQIODWLRQHYHQLIZHFDQQRWGRFXPHQWWKDWLWUHVXOWVIURPUHVSRQVHWRWHVWLQJ
7KHVWXGHQWOHYHOHUURULQDXGLWVFRUHVZLOOEHODUJHEHFDXVHRIWKHVKRUWOHQJWKRI
RXUDXGLWWHVWVDQGWKHUHVXOWLQJORZUHOLDELOLW\LVH[DFHUEDWHGE\RXUXVHRIDGLIIHUHQFH
VFRUH7KLVFUHDWHVDVHYHUHFRQVHUYDWLYHELDV²WKDWLVDODUJHULVNRI7\SH,,HUURU7KLV
SUREOHPLVDPHOLRUDWHGVRPHZKDWLQRXUHVWLPDWHVRIVFKRROOHYHOUHODWLRQVKLSVEXW
QRQHWKHOHVVWKH ODFNRIVWDWLVWLFDOSRZHUUHPDLQVDVHULRXVSUREOHP7KLVDOVRLQFUHDVHV
LQFRQVLVWHQF\LQUHVXOWVDFURVVIRUPV
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6FUHHQLQJ,WHPVDQG)RUPV
%HFDXVHRIWKHVPDOOQXPEHURIDXGLWLWHPVLQHDFKIRUPZHHYDOXDWHGWKH
VWXGHQWOHYHOUHOLDELOLW\RIERWKWKHDXGLWVFRUHVDQGWKHQRQDXGLWDXGLWGLIIHUHQFHLQDOO
IRUPV
$OWKRXJKZHFRXOGQRWXVHVLPSOHGLIIHUHQFHVLQGLIILFXOW\DVDQLQGLFDWRURI
LQIODWLRQZHGLGXVHWKHVHGLIIHUHQFHVDVDQDGGLWLRQDOEDVLVIRUVFUHHQLQJIRUPV2XU
ORJLFLVWKDWLIWKH\DUHIXQFWLRQLQJDVDXGLWVRXU%,DQG%6DXGLWLWHPV²ZKLFKDUHWKH
RQO\DXGLWLWHPVWKDWFDQEHPDWFKHGWRQRQDXGLWLWHPV²VKRXOGEHPRUHGLIILFXOWWKDQ
PDWFKHGRSHUDWLRQDOLWHPVEHFDXVHZHFKDQJHGYHU\OLWWOHRWKHUWKDQDGGLQJVRPHWKLQJ
QRYHOLQFRQWHQWRUUHSUHVHQWDWLRQ
,Q6WXG\&ZHKDGRQO\XQWHVWHGVWDQGDUGVDXGLWLWHPVVRWKLVIRUPRIPDWFKLQJ
ZDVQRWSRVVLEOH+RZHYHUZHFRQVWUXFWHGFDWHJRULHVRIFORVHO\UHODWHGFRQWHQWVWDQGDUGV
DQGORRNHGIRUQRQDXGLW LWHPVWKDWDVVHVVHGVWDQGDUGVIURPWKHVDPHFDWHJRULHVDVWKRVH
IRUWKHDXGLWLWHPV7ZRDXWKRUVLQGHSHQGHQWO\HYDOXDWHGZKHWKHUDQ\RIWKHPDWFKHV
ZHUHFORVHHQRXJKWREHSRWHQWLDOO\SUREOHPDWLF:HIRXQGQRSUREOHPDWLFPDWFKHV
)LQDOO\EHFDXVHRIWKHVNHZQHVVRIRSHUDWLRQDOUDZVFRUHVSDUWLFXODUO\LQ6WXG\
$ZHHYDOXDWHGWKHVNHZQHVVRIGLIIHUHQFHVFRUHVIRUDOOIRUPV
5HJUHVVLRQ0RGHOV
2XUSULPDU\PRGHOZDVDWZROHYHOUDQGRPLQWHUFHSWVPRGHO
 ൌ ൅ ൅ ൅
ൌ ൅ ൅ 
ZKHUH LVDYHFWRURIVWXGHQWOHYHOYDULDEOHV LVWKHFRUUHVSRQGLQJYHFWRURIVFKRRO
OHYHOPHDQVDQG LVWKH1<&GXPP\7KLVPRGHODSSURSULDWHO\DGMXVWVVWDQGDUGHUURUV
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IRUFOXVWHULQJDQGDOVRDFFRPPRGDWHVRXUK\SRWKHVLVWKDWYDULDWLRQVLQLQIODWLRQLQGXFLQJ
EHKDYLRUVDULVHEHWZHHQVFKRROV
:HJUDQGPHDQFHQWHUHGWKHVWXGHQWOHYHOSUHGLFWRUV7KLV\LHOGVSDUDPHWHU
HVWLPDWHVIRUOHYHOYDULDEOHVWKDWDUHGLUHFWHVWLPDWHVRIFRQWH[WHIIHFWV5DXGHQEXVK	
%U\N7KDWLVWKHSDUDPHWHUHVWLPDWHVIRUOHYHOYDULDEOHVLQGLFDWHWKHH[WHQWWR
ZKLFK WKHVFKRROPHDQVGLIIHUV\VWHPDWLFDOO\E\PRUHWKDQWKHOHYHOPRGHOZRXOG
SUHGLFW:HDOVRJUDQGPHDQFHQWHUHGOHYHOYDULDEOHVIRUHDVHRILQWHUSUHWDWLRQ
5HVXOWV
6FUHHQLQJ,WHPVDQG)RUPV
$FURVVWKHVDPSOHVWKHGLVWULEXWLRQVRIWKHQRQDXGLWDXGLWGLIIHUHQFHVFRUHVRXU
RXWFRPHYDULDEOHDUHDSSUR[LPDWHO\QRUPDO DOWKRXJKWKHLQGLYLGXDOGLVWULEXWLRQVRIWKH
DXGLWDQGQRQDXGLW FRPSRQHQWV DUHLQVRPHLQVWDQFHVVNHZHG7KHVNHZQHVVVWDWLVWLFVIRU
WKH GLVWULEXWLRQVRIGLIIHUHQFHVFRUHV UDQJHIURPWR )LJXUH6LQWKHRQOLQH
VXSSOHPHQWDU\PDWHULDOVVKRZVWKHGLVWULEXWLRQVRIWKHRXWFRPHLQJUDGHVDQGLQ
6WXG\&ZKLFKDUHWKHPRVWVNHZHGDQGRQHRIWKHOHDVWVNHZHGUHVSHFWLYHO\
7KHLQWHUQDOFRQVLVWHQF\UHOLDELOLW\RIWKHDXGLWLWHPVHWV YDULHGPDUNHGO\IURP
 WR ZLWKDPHDQRI:KLOHLWHPWHVWDQGLWHPUHVWFRUUHODWLRQVDUHGLIILFXOW
WRLQWHUSUHWZKHQIRUPVDUHYHU\VKRUWLWDSSHDUVWKDWWKHORZUHOLDELOLWLHVUHIOHFWWKHYHU\
VKRUWOHQJWKVRIWKHDXGLWFRPSRQHQWV UDWKHUWKDQSUREOHPDWLFLWHPV$SSO\LQJWKH
6SHDUPDQ%URZQSURSKHF\IRUPXODWRGDWDSRROHGDFURVVIRUPVZLWKLQJUDGHVXJJHVWHG
WKDWLIWKHDXGLWIRUPVZHUHOHQJWKHQHGRQO\WRLWHPV HDFKWKHUHOLDELOLWLHVZRXOGIDOO
ZLWKLQDUDQJHIURPWR ZLWKPRVWDERYH
6HOI0RQLWRULQJ$VVHVVPHQWV

7KHHVWLPDWHGUHOLDELOLWLHVRIWKHGLIIHUHQFHVFRUHVZHXVHDVRXURXWFRPHYDULDEOH
DUHYHU\ORZUDQJLQJIURPHIIHFWLYHO\WR VHHRQOLQHVXSSOHPHQWDU\PDWHULDOV
7DEOH6 7KLVLVDWWULEXWDEOHWRWKHVXEVWDQWLDOFRUUHODWLRQVEHWZHHQWKHQRQDXGLW DQG
DXGLWFRPSRQHQWVFRUHVUDQJLQJIURPWR DVZHOODVWKHORZUHOLDELOLW\RIWKH
DXGLWVFRUHV
,WLVLPSRUWDQWWRQRWHWKDWWKHIRXUWKJUDGHIRUPVSURGXFHGPXFKPRUHUHOLDEOH
GLIIHUHQFHVFRUHVWKDQWKHIRUPVLQWKHRWKHUJUDGHV)LYHRIHLJKWIRUPVLQJUDGH
VKRZHGDUHOLDELOLW\ ǤͳͲDOHYHOUHDFKHGE\RQO\WZRRIWKHIRUPVLQJUDGHVDQG
:HUHSRUWKHUHRQO\UHVXOWVIURPIRUPVIRUZKLFKWKHUHOLDELOLW\RIWKHGLIIHUHQFH
VFRUHVZDV ͲǤͲͷ:HDVVXPHWKDWUHVXOWVIURPWKHIRUPVWKDWGLGQRWUHDFKWKLV
WKUHVKROGDUHWRRQRLV\WRLQWHUSUHWZLWKFRQILGHQFHDQGLQGHHGWKHVHPRGHOVKDGIHZ
VWDWLVWLFDOO\VLJQLILFDQWILQGLQJV5HVXOWVIURPH[FOXGHGIRUPVDUHSURYLGHGLQRQOLQH
VXSSOHPHQWDU\PDWHULDOV7DEOHV 6DQG6
6LPSOHGLIIHUHQFHVLQGLIILFXOW\YDULHGVXEVWDQWLDOO\DPRQJIRUPVEXWGLGQRW
UHVXOWLQIXUWKHUHOLPLQDWLRQRIIRUPV,QWKHIRXUWKJUDGHERWKPDWFKHGLWHPDQGDOOLWHP
FRPSDULVRQVVKRZHGWKHDXGLWLWHPVWREHPRUHGLIILFXOWWKDQQRQDXGLWLWHPVZLWKS
 &RQFHSWXDOO\UHOLDELOLW\FDQQRWEHQHJDWLYH,QSUDFWLFHZKHQUHOLDELOLW\LVYHU\ORZRQHFDQ
REWDLQQHJDWLYHHVWLPDWHVIURPVDPSOLQJHUURU2QHFKDUDFWHULVWLFRIRXUGDWDLQFUHDVHVWKH
SUREDELOLW\RIQHJDWLYHVDPSOHHVWLPDWHV8VLQJWKHFODVVLFDOPRGHOWKHHVWLPDWHGUHOLDELOLW\RID
GLIIHUHQFHVFRUHZLOOEHQHJDWLYHZKHQHYHU ൅ ൏ ʹ ZKHUH[ DQG\ DUHWKH
WZRWHVWVWKDWDUHGLIIHUHQFHG7KLVLQHTXDOLW\LVPRUHOLNHO\WRKROGZKHQWKHWHVWZLWKDODUJHU
YDULDQFHKDVDFRQVLGHUDEO\ORZHUUHOLDELOLW\²SUHFLVHO\ZKDWRXUGDWDSURGXFH)ROORZLQJ
FRQYHQWLRQZHVHWDOOQHJDWLYHUHOLDELOLW\HVWLPDWHVWR]HUR
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YDOXHGLIIHUHQFHVUDQJLQJIURPWRRQOLQHVXSSOHPHQWDU\7DEOH6,Q
FRQWUDVWPRVWRIWKHVHYHQWKJUDGHIRUPVVKRZHGYHU\VPDOOGLIIHUHQFHVLQGLIILFXOW\
VXJJHVWLQJWKDWRXULQWHQGHGDXGLWLWHPVGLGQRWIXQFWLRQDVVXFK'LIIHUHQFHVLQGLIILFXOW\
YDULHGDPRQJWKHHLJKWKJUDGHIRUPV+RZHYHULQPRVWLQVWDQFHVWKHVPDOOHVW
GLIIHUHQFHVLQGLIILFXOW\RFFXUUHGLQIRUPVDOUHDG\VFUHHQHGRXWRQWKHEDVLVRIWKHORZ
UHOLDELOLW\RIGLIIHUHQFHVFRUHV
2QHH[FHSWLRQZDUUDQWVH[SODQDWLRQEHFDXVHLWVXJJHVWVZK\RXUJUDGHDXGLWLQ
6WXG\&IDLOHGWRSURYLGHXVHIXOLQIRUPDWLRQ6WXG\&KDGWKHODUJHVWQXPEHURIDXGLW
LWHPVZKLFKVKRXOGLQFUHDVHWKHUHOLDELOLW\RIDXGLWVFRUHVDQGWKHJUDGHDXGLWVFRUHV
KDGWKHKLJKHVWUHOLDELOLW\RIDQ\ LQWKDWVWXG\ ൌ 1RQHWKHOHVVWKHUHOLDELOLW\RI
WKHVWXGHQWOHYHOGLIIHUHQFHVFRUHZDVQHDU]HUR ൌ 7KLVUHIOHFWVWKHVWURQJ
FRUUHODWLRQEHWZHHQWKHQRQDXGLWDQGDXGLWFRPSRQHQWVLQWKLVIRUP ൌ DQGWKH
VPDOOQRQDXGLWDXGLWGLIIHUHQFHLQVFRUHV:HIRXQGWKDWLQWKHHQWLUH
GLVWULEXWLRQRISYDOXHVRIWKHRSHUDWLRQDOLWHPVVKLIWHGGRZQZDUGDQGWKHQHJDWLYH
VNHZQHVVRIWKHUDZVFRUHGLVWULEXWLRQZDVQHDUO\HOLPLQDWHG7KLVVXJJHVWVWKDWWKHJUDGH
RSHUDWLRQDOWHVWKDGEHHQPDGHOHVVSUHGLFWDEOHDQGWKHUHIRUHWKDWWKHDXGLWFRPSRQHQW
PD\QRWKDYHEHHQVXIILFLHQWO\GLIIHUHQWIURPWKHQRQDXGLW FRPSRQHQWWR\LHOGQRWLFHDEOH
GLIIHUHQFHVLQ SHUIRUPDQFH
5HJUHVVLRQ5HVXOWV
:HSUHVHQWUHVXOWVIURPWKHRIUHSOLFDWLRQVWKDWVXUYLYHGVFUHHQLQJIRU
H[WUHPHO\ORZUHOLDELOLW\RIWKHGLIIHUHQFHVFRUHDQGZHQRWHRQHSDWWHUQIURPWKH
H[FOXGHGIRUPVDWWKHHQGRIWKLVVHFWLRQ%HFDXVHWKHRSHUDWLRQDOWHVWVGLIIHUHGDPRQJ
JUDGHVZHRUJDQL]HRXUUHJUHVVLRQUHVXOWVE\JUDGH%HFDXVHHDFKRIWKHIRUPVZLWKLQD
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
JUDGHHYHQZLWKLQDVLQJOHVWXG\ZHUHDGPLQLVWHUHGWRLQGHSHQGHQWUDQGRPO\
HTXLYDOHQWVDPSOHVPXOWLSOHPRGHOVSHUJUDGHVHUYHDVUHSOLFDWLRQVLQFUHDVLQJ
FRQILGHQFHDQGRIIVHWWLQJWKHORZSRZHURIHDFKPRGHO%HFDXVH1,6LWHPVDUH
SRWHQWLDOO\FRQWURYHUVLDODVDXGLWVZHLGHQWLI\WKHUHSOLFDWLRQVWKDWLQFOXGHQR1,6LWHPV
E\EROGLQJWKHKHDGLQJVLQWKHWDEOHVDQGZHQRWHWKHVHGLIIHUHQFHVLQWKHWH[W,Q
FRPSDULQJWKHUHVXOWVDFURVVVWXGLHVUHFDOOWKDWWKHSUREOHPRIORZVWDWLVWLFDOSRZHUZDV
PRVWVHYHUHLQ6WXG\$DQGOHDVWVHYHUHLQ6WXG\&
%HFDXVHRXURXWFRPHLV DSRVLWLYHFRHIILFLHQWLQGLFDWHVVXSSRUW
IRURXUK\SRWKHVHV)RUH[DPSOHDSRVLWLYHVLJQRQWKHEXEEOHVWXGHQWYDULDEOH LQGLFDWHV
WKDWSHUIRUPDQFHLVZHDNHURQWKHDXGLWFRPSRQHQWUHODWLYHWRWKHQRQDXGLWFRPSRQHQW
IRUEXEEOHVWXGHQWVWKDQIRURWKHUV
*UDGH 7KHIRXUWKJUDGHKDGWKHODUJHVWQXPEHURIUHSOLFDWLRQVWKDWVXUYLYHG
VFUHHQLQJIRUORZUHOLDELOLW\
7KHYDULDEOHPRVWGLUHFWO\UHODWHGWRWKHSUHVVXUHVWKDWFDXVHLQIODWLRQEXEEOH
VWDWXVVKRZHGDVXEVWDQWLDOUHODWLRQVKLSWRWKHRXWFRPHDWWKHVWXGHQWOHYHOLQDOO
UHSOLFDWLRQVLQWKHIRXUWKJUDGH7DEOH$FURVVWKHPRGHOVWKHQRQDXGLWDXGLW
GLIIHUHQFHZDVODUJHUIRUEXEEOHVWXGHQWV E\WRVWDQGDUGGHYLDWLRQV0RUHRYHU
GHVSLWHYHU\ORZSRZHUWKLVUHODWLRQVKLSZDVVWDWLVWLFDOO\VLJQLILFDQWLQDOOUHSOLFDWLRQV
DQGDW ൏ ǤͲͲͳ LQVL[RIWKHVHYHQPRGHOV$WWKHVFKRROOHYHOWKHEXEEOHVWXGHQW
ILQGLQJVZHUHVRPHZKDWOHVVFRQVLVWHQW7KHSURSRUWLRQRIEXEEOHVWXGHQWVZDV
VXEVWDQWLDOO\UHODWHGWRWKHVFKRROPHDQGLIIHUHQFHLQ6WXGLHVDQGDQGVLJQLILFDQWO\VR
LQWKUHHRIIRXUPRGHOV+RZHYHUWKLVDJJUHJDWHUHODWLRQVKLSZDVLQFRQVLVWHQWLQVLJQDQG
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QRWVLJQLILFDQWLQWKH6WXG\$VDPSOHVZKLFKKDGWKHPRVWVHYHUHSUREOHPVRIVWDWLVWLFDO
SRZHU
$OWKRXJKLWLVULVN\WRFRPSDUHVPDOOGLIIHUHQFHVDFURVVPRGHOVZHQRWHWKDWWKH
IRUPVWKDWLQFOXGHGWKHSRWHQWLDOO\FRQWURYHUVLDO1,6LWHPVJHQHUDOO\SURYLGHGZHDNHU
HIIHFWVWKDQWKRVHWKDWGLGQ¶W)LYHRIWKHIRXUWKJUDGHUHSOLFDWLRQV6WXG\$)RUPVDQG
6WXG\&DQG6WXG\%)RUPV$DQG%FRQWDLQHGQR1,6DXGLWLWHPVZKLOHDOORIWKH
DXGLWLWHPVLQWKHRWKHUWZRIRUPVZHUH1,6,QERWK6WXGLHV$DQG %WKH1,6IRUPVKDG
WKHVPDOOHVWFRHIILFLHQWVIRUWKHVWXGHQWOHYHOEXEEOHYDULDEOH,QWKHFDVHRIWKHVFKRRO
OHYHOEXEEOHYDULDEOHWZRRIWKHWULDOVWKDWIDLOWRVXSSRUWWKHUHSOLFDWLRQDUHWKHWZR1,6
IRUPV)RUP&LQ6WXG\%ZKLFK\LHOGVDQRQVLJQLILFDQWFRHIILFLHQWWKDWLVPXFKVPDOOHU
WKDQWKHRWKHU6WXG\%IRUPVDQG)RUPLQ6WXG\$ZKLFKKDVDQRQVLJQLILFDQW
QHJDWLYHFRHIILFLHQW
)RXUWKJUDGHUHVXOWVIRUWKHORZLQFRPHYDULDEOHVZHUHZHDNHUDQGZHUHRQO\
PRGHUDWHO\FRQVLVWHQWZLWKH[SHFWDWLRQV,Q6WXG\&ZKLFKKDGWKHPRVWVWDWLVWLFDO
SRZHUERWKVWXGHQWOHYHOSRYHUW\DQGWKHSURSRUWLRQRISRRUVWXGHQWVLQWKHVFKRRO
YDULDEOHVZHUH SRVLWLYHO\DQGVLJQLILFDQWO\UHODWHGWRWKHQRQDXGLWDXGLWGLIIHUHQFH
DOWKRXJKWKHVHHVWLPDWHGUHODWLRQVKLSVZHUHFRQVLGHUDEO\ZHDNHUWKDQWKRVHRIWKH
EXEEOHVWDWXVYDULDEOHV)RUH[DPSOHWKHHIIHFWRIWKHVWXGHQWOHYHOSRYHUW\GXPP\LQ
6WXG\&ZDVVWDQGDUGGHYLDWLRQVURXJKO\RQHWKLUGWKHVL]HRIWKHFRHIILFLHQWIRU
WKHEXEEOHVWDWXVYDULDEOH,Q6WXG\%UHVXOWVIURPWZRIRUPVZHUHFRQVLVWHQWZLWK
H[SHFWDWLRQVWKHH[FHSWLRQLVDJDLQWKH1,6)RUP&ZKLFKLVWKHIRUPWKDWDOVRGLGQRW
VKRZDVLJQLILFDQWUHODWLRQVKLSZLWKWKHVFKRROSURSRUWLRQRIEXEEOHVWXGHQWV7KHORZ
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LQFRPHYDULDEOHVGLGQRWSUHGLFWWKHRXWFRPHVLJQLILFDQWO\LQ6WXG\$ZKLFKKDGWKH
PRVWVHYHUHSUREOHPRIVWDWLVWLFDOSRZHU
5HVXOWVIRUWKHUDFHHWKQLFLW\YDULDEOHVZHUHVLPLODUWRWKRVHIRUORZLQFRPH
6WXGLHV%DQG&VKRZHGH[SHFWHGUHODWLRQVKLSVIRUWKHVWXGHQWOHYHO+LVSDQLFDQG%ODFN
GXPP\YDULDEOHVLQVHYHQRIHLJKWPRGHOV+RZHYHU6WXG\$DJDLQGLGQRW\LHOG
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